WHAT IS CLAIMED: 


1. A photocurable resin composition containing: 

a photo-cation polymerization initiator (A) as a 
triallylsulf onium compound; and 

one or more cation polymerizable compounds (B) ; 
wherein said photo-cation polymerization initiator can 
be expressed by the following chemical formula (1) : 
[Chemical Formula 1] 


X 



X 


(where R x through R 5 each represent hydrogen atoms; 

C 2 through C i8 denote substituents selected from among 
the groups made up of a straight chain or branched alkyl group, 
trif luoromethyl group, pentaf luoroethyl group, cyclohexyl 
group, cyclohexylmethyl group, benzyl group, 2 -hydroxy ethyl 
group, 2 -methoxyethyl group, 2 -ethoxyethyl group and cyano 
group ; 

X indicates a substituent selected from among the groups 
made up of a straight chain or branched alkyl group, 
trif luoromethyl group and pentaf luoroethyl group in Ci through 
C i8 ,- and 

Y indicates an atom group that can be a monovalent anion; 

provided that not all of the Ri through R s represent 
hydrogen atoms at one time) . 
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2. The photocurable resin composition described in Claim 1, 
containing a photo-cation polymerization initiator (A) 
wherein, in chemical formula 1, any one of the Ri through R 5 
is a trif luoromethyl group; and X is a substituent selected 
from among the groups made up of a straight chain or branched 
alkyl group, trif luoromethyl group and pentaf luoroethyl group 
in Ci through C 4 . 

3. The photocurable resin composition described in Claim 1 or 
2, containing a photo-cation polymerization initiator (A) 
wherein, in chemical formula 1, the anion part expressed by 
Y' is SbF 6 ’ or PF 6 " . 

4 . The photocurable resin composition described in any one of 
Claims 1 through 3, wherein, of the aforementioned "one or more 
cation polymerizable compounds (B)", at least one cation 
polymerizable compound has one or more epoxy groups in the 
molecule . 

5. The photocurable resin composition described in any one of 
Claims 1 through 4, wherein the amount of the photo-cation 
polymerization initiator (A) to be added is 0 . 1 through 10 wt% 
with respect to one or more cation polymerizable compounds (B) . 

6 . A cured product obtained by curing the photocurable resin 
composition described in any one of Claims 1 through 5 . 

[ 0002 ] 

In the field of printing ink, coating medium, coating, 
liquid resist ink and the like, a photocurable resin 
composition has been studied actively over an extensive range 
in an effort to save energy and space and to overcome pollution 
problems, and is employed for industrial purposes. Most of 
the photocurable resin compositions studied and employed at 
present are based on the use of photo radical polymerization 
reaction of the unsaturated double bond. In recent years. 
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studies have been made on the industrial application of the 
method of impregnating the epoxy resin with photo-cation 
polymerization initiator so that photo-cation polymerization 
is carried out. As compared to the method of photo radical 
polymerization by exposure the acrylic acid ester compound or 
the like to the activated energy, the method of photo- cation 
polymerization by exposure of the cation polymerizable 
substance of epoxy resin or the like to activated energy such 
as ultraviolet rays or electronic rays is characterized by 
smaller shrinkage due to curing, smaller influence of oxygen 
at the time of curing, and many other advantages. When 
photo-cation polymerization is implemented by exposure of 
cation polymerizable substance to activated energy such as 
ultraviolet rays or electronic rays, the photo-cation 
polymerization initiator that causes oxygen to be produced upon 
exposure to activated energy is mixed. The photo-cation 
polymerization initiator that has been known is exemplified 
by onium salts represented by aromatic diazonium salt , iodonium 
salt, sulf onium salt, phosphonium salt and selenonium salt; 
and metallic arene complex. They are blended with the cation 
polymerizable substance and are exposed to the activated energy. 
Then the Broensted acid or Lewis acid having been produced by 
exposure to the activated energy acts on the cation 
polymerizable substance, whereby polymerization is induced. 
This fact has been reported in U. S. Patent Nos. 4069054, 
4450360, 4576999 and 4046967, Canadian Patent No . 1274646, and 
European Patent No. 203829. Further, this is also reported 
in Advances in Polymer Science 62, Initiators-Poly Reactions 
- Optical Activity, pp.l - 48, Springer-Verlag (1984); 

Cutting-edge UV Curing Technology, edited by the Technological 
Information Association, p.29 (1991) and other documents . In 
particular, several triallyl sulf onium salts have been 
commercially available as the photo-cation polymerization 
initiator characterized by industrial advantages. 

[0003] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 
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However, when compared with the photo radical curable 
resin composition containing an acrylic acid ester compound, 
the photocurable resin composition is characterized by lower 
curing speed. There has been a strong request photocurable 
resin composition from the market that the photo- cation curable 
resin composition 

should provide more improved curing properties. One of the 
reasons for lower curing speed is that the photo-cation 
polymerization initiator per se has poorer solubility with 
respect to the cation polymerizable compound. The 
photo- cation polymerization initiator made up of the 
commercially available triallyl sulfonium salt as a basic 
structure has a benzene ring having only the substituent bonded 
with the sulfur atom in the structure, such as a phenyl group 
bonded with the sulfur atom serving as a phenylthio group or 
sulfonyl cation, for example. The solubility of the 
photo-cation polymerization initiator per se with respect to 
the cation polymerizable compound tends to reduce if it has 
a benzene ring having only the substituent bonded with the 
sulfur atom in the structure, as described above. Thus, if 
it is blended with the cation polymerizable compound and is 
stored in a dark place for a long time, a substance crystallized 
by the photo-cation polymerization initiator is produced and 
is caused to settle, whereby stability in storage deteriorates 
in some cases. When activated energy rays are applied to the 
resin composition containing the photo-cation polymerization 
initiator including a benzene ring having only the substituent 
directly bonded with the sulfur atom in the structure so that 
the resin composition will be cured, or when heat treatment 
is provided to get a sufficient curing film, subsequent to 
application of the activated energy, the bondage will be cut 
off between the carbon atom with relatively week bond in the 
structure of the photo-cation polymerization initiator, and 
the sulfur atom. This may liberate the benzene. 

[ 0004 ] 

[MEANS FOR SOLVING THE PROBLEMS] 



In an effort to solve the aforementioned problems, the 
present inventors have synthesized a triallyl sulfonium salt 
wherein all the benzene rings in the structure are directly 
bonded with, carbon atoms as substituents, the present inventors 
have used it as a photo-cation polymerization initiator to 
improve the solubility of the photo- cation polymerization 
initiator per se with respect to the cation polymerizable 
compound, whereby they have succeeded in getting a photo -cat ion 
curable resin composition, characterized by excellent 
transparency, storage stability and curability by exposure to 
activated energy rays such as ultraviolet rays, wherein no 
benzene is produced from the photo-cation polymerization 
initiator component of the cured substance, even if the 
produced curing film has been heat-treated. 

[0005] 

To be more specific, the present invention related to: 
[1] a photocurable resin composition containing: 
a photo-cation polymerization initiator (A) as a 
triallylsulf onium compound; and 

one or more cation polymerizable compounds (B) ; 
wherein the aforementioned photo-cation polymerization 
initiator can be expressed by the following chemical formula 
(1) : 

[Chemical Formula 2] 

[0006] 

(where Ri through R 5 each represent hydrogen atoms; 

C 2 through Cx 8 denote substituents selected from among 
the groups made up of a straight chain or branched alkyl group, 
trif luoromethyl group, pentaf luoroethyl group, cyclohexyl 
group, cyclohexylmethyl group, benzyl group, 2-hydroxyethyl 
group, 2 -methoxyethyl group, 2 -ethoxyethyl group and cyano 
group; 

X indicates a substituent selected from among the groups 
made up of a straight chain or branched alkyl group, 
trif luoromethyl group and pentaf luoroethyl group in C x through 
Cis ; and 
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Y indicates an atom group that can be a monovalent anion; 
provided that not all of the Ri through R 5 represent 
hydrogen atoms at one time) : 

[2] the photocurable resin composition described in [1] , 
containing a photo-cation polymerization initiator (A) 
wherein, in chemical formula 1, any one of the R x through R 5 
is a trif luoromethyl group; and X is a substituent selected 
from among the groups made up of a straight chain or branched 
alkyl group, trif luoromethyl group and pentaf luoroethyl group 
in Ci through C 4 ,* 

[3] the photocurable resin composition described in [1] 
or [2] , containing a photo-cation polymerization initiator (A) 
wherein, in chemical formula 1, the anion part expressed by 
Y~ is SbF 6 ‘ or PF 6 ’ ; 

[4] the photocurable resin composition described in any 
one of [1] through [3] , wherein, of the aforementioned "one 
or more cation polymerizable compounds (B)", at least one 
cation polymerizable compound has one or more epoxy groups in 
the molecule; 

[5] the photocurable resin composition described in any 
one of [1] through [4] , wherein the amount of the photo-cation 
polymerization initiator (A) to be added is 0 . 1 through 10 wt% 
with respect to one or more cation polymerizable compounds (B) ; 
and 

[6] a cured product obtained by curing the photocurable 
resin composition described in any one of [1] through [5] . 


[0019] 

The following describes the photocurable resin 
composition. The photocurable resin composition of the 
present invention contains the photo-cation polymerization 
initiator (A) and cation polymerizable compound (B) of the 
present invention. The cation polymerizable compound (B) is 
exemplified by a compound containing an epoxy group (a) , vinyl 
compound (b) , dicycloortho ester compound (c) , 
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spiroorthocarbonate carbonate (d) , and compound containing an 
oxetane ring (e) . They can be employed either independently 
or in combination. Of the compounds (a) through (e) , the 
compound containing an epoxy group (a) and compound containing 
an oxetane ring (e) are preferably used. 

[ 0020 ] 

The compound containing an epoxy group (a) to be used 
includes : 

a bisphenol based epoxy resin such as 3, 

4 - epoxycyc lohexy lme thy 1 - 3 , 4 - epoxycyc lohexanecarboxy la t e , 

bis- (3, 4 -epoxycyclohexyl) adipate, 2- (3, 4 -epoxycyclohexyl- 5 , 
5-spiro-3, 4 -epoxy) cyclohexanone -methadioxane , bis- (2, 

3 -epoxycyclopentyl ) ether , limonene dioxide, 

4 - vinylcyclohexenedioxide , phenylglycineether , bisphenol A 
type epoxy resin, bisphenol F type epoxy resin, hydrogenated 
bisphenol A type epoxy resin, and brominated bisphenol A type 
epoxy resin; 

a novolak type epoxy resin such as phenol/novolak type 
epoxy resin, cresol/novolak type epoxy resin and brominated 
phenol/novolak type epoxy resin; and 

polyglycidylether of polyvalent alcohol . 

[ 0021 ] 

The compound containing an epoxy group (a) to be used 
includes: 

styrenes such as styrene, a-methylstyrene and 

p-chlormethylstyrene ; 

alkylvinylether such as n-butylvinylether , 

isobutylvinylether , eye lohexy lvinylether and 

hydroxybutylvinylether ; 

alkenylvinylether such as allylvinylether and 

1-octahydronaphty lvinylether ; 

alkylvinylether such as ethylvinylether and 

1 -methyl - 2 -propenylvinyle ther ; 

arylvinylether such as pheny lvinylether 

p-methoxypheny lvinylether ; 


and 
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alkyldivinylether such as butadiol vinylether, 
triethyleneglycol divinylether and cyclohexanediol 
divinyle ther ; 

aralkyldivinylether such as 1, 4 -benzene dimethanol 
divinylether, and m-phenylene 
bis (ethyleneglycol) divinylether; and 

aryldivinylether such as hydroquinone divinylether and 
resorcinol divinylether; 

[ 0022 ] 

The dicycloortho ester compound (c) to be used includes 
1 -phenyl -4 -ethyl 2, 6, 7- trioxabicyclo [2, 2, 2] octane, and 
l-ethyl-4-hydroxymethyl-2 , 6, 7 -trioxabicyclo [2, 2, 2] 
octane. The spiroorthocarbonate carbonate (d) to be used 
includes 1, 5, 7, 11- tetraoxaspiro (5 , 5) undecane, 3, 
9-dibdenzyl- 1 , 5, 7, 11- tetraoxaspiro ( 5 , 5) undecane, 1, 4, 
6- triaoxaspiro (4 , 4 ) nonane , and 1, 4- 6 - triaoxaspiro (4 , 
5) decane. The compound containing an oxetane ring (e) to be 
used includes 3, 3-dimethyloxetane, 3, 
3 -bis (chloromethyl) oxetane, 2 -hydroxymethyloxetane , 
3 -methyl - 3 -oxetanemethanol , 

3 -methyl - 3 -met hoxymethyl oxetane , 

3 - ethyl - 3 -phenoxyme thyloxe tane , resorcinol 
bis (3 -methyl -3 -oxeyanylethyl) ether , and m-xylylene 
bis (3-ethyl-3-oxetanylethylether) . They can be employed 
either independently or in combination. 

[0023] 

The percentage of the components constituting the 
photocurable resin composition of the present invention is 
determined in such a way that the amount of the photo- cation 
polymerization initiator (A) is preferably 0.1 through 10 wt%, 
more preferably, 1 through 5 wt%, with respect to 100 wt% of 
the cation polymerizable compound (B) . 

[0024] 

The sensitivity to the activated energy rays can be 
improved by adding a photosensitizer to the photocurable resin 
composition of the present invention and mixing them. This 
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improves the curing speed of the photocurable resin composition. 
The examples of the photosensitizer used in this case are: 
naphthalene derivative, anthoracene derivative, phenanthrene 
derivative, naphthacene derivative, naphthacene derivative, 
chrysene derivative, perylene derivative, pentacene 
derivative, acridine derivative, benzothiazole derivative, 
benzoin derivative, fluorene derivative, naphtoquinone 
derivative, anthoraquinone derivative, xanthene derivative, 
xanthone derivative, thioxanthene derivative, thioxanthone 
derivative, coumarin derivative, ketocoumarin derivative, 
cyanine derivative, acridine derivative, azine derivative, 
thiazine derivative , oxazine derivative , indoline derivative , 
azulene derivative, triallylmethane derivative, 

phthalocyanine derivative, spiropyran derivative, 

spirooxazine derivative, thiospiropyran derivative, and 
organic ruthenium. Of these substances, preferably used ones 
include derivatives of naphthalene , anthoracene, phenanthrene, 
chrysene, perylene and acridine. Of these, the 9, 
10-dialcoxyanthoracene derivative or 9, 

10 -di (alcoxyalcoxy) anthoracene derivative that may contain 
the alkyl group having a carbon number of 1 through 4 , as the 
substituent is preferably used in particular. 

[0025] 

The 9, 10-dialcoxyanthoracene derivative or 9, 
10-di (alcoxyalcoxy) anthoracene derivative that may contain 
the alkyl group having a carbon number of 1 through 4 as the 
substituent is exemplified by 9, 10-dimethoxy anthoracene, 
2-ethyl 9, 10-dimethoxy anthoracene, 2-tert-butyl-9 , 
10-dimethoxy anthoracene, 2, 3 -dimethyl -9- 10-dimethoxy 

anthoracene, 9, 10-diethoxy anthoracene, 9, 10-diethoxy 
anthoracene, 2-ethyl-9, 10-diethoxy anthoracene, 

2-tert-butyl-9, 10-diethoxy anthoracene, 2, 3-dimethyl-9 , 
10-diethoxy anthoracene, 9, 10-di (n-propoxy) anthoracene, 

2-ethyl- 9, 10-di (n-propoxy) anthoracene, 9, 10-diisopropoxy 
anthoracene, 2-ethyl- 9, 10-diisopropoxy anthoracene, 9, 
10-di (2 -methoxyethoxy) anthoracene, 2-ethyl-9, 
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10-di (2 -met hoxy ethoxy) anthoracene, 2 -tert-butyl- 9 , 
10-di (2-methoxyethoxy) anthoracene, 2, 3 -dimethyl- 9 , 
10-di (2-methoxyethoxy) anthoracene, 9, 10-di (n-butoxy) 
anthoracene, 2-ethyl-9, 10-di (n-butoxy) anthoracene, 9, 
10-di (2 -ethoxyet hoxy) anthoracene, 2-ethyl-9, 
10-di (2 -ethoxyet hoxy) anthoracene, 9, 10-dibenzyloxy 
anthoracene, 2 -ethyl- 9, 10-dibenzyloxy anthoracene, 
2 -tert-butyl- 9, 10-dibenzyloxy anthoracene, 2, 3 -dimethyl- 9 , 
10-dibenzyloxy anthoracene, 9, 10 -di ( 2 -carboxyethoxy) 
anthoracene, and 2-ethyl-9, 10-di (2 -carboxyethoxy) 
anthoracene . 

[0026] 

The photocurable resin composition of the present 
invention can be further blended with various additives such 
as solutions for dilution, antifoaming agent, leveling agent, 
thickener, flame retardant, antioxidant, light stabilizer, 
filler, antistatic agent, fluidity regulating agent and 
coupling agent. 

[0027] 

The photocurable resin composition of the present 
invention can by obtained by uniform blending of the 
aforementioned components at predetermined proportions. 
Cured products thereof can be easily obtained by exposure to 
the activated energy rays such as ultraviolet rays. When the 
photocurable resin composition is cured, it is normally exposed 
to activated energy rays, after the aforementioned 
photocurable resin composition of the present invention has 
been adjusted to a thickness of about 0.01 through 1 mm. The 
adequate activated energy ray can be any ray if it is capable 
of inducing decomposition of the photo-cation curable resin 
composition. Preferred rays include electromagnetic wave 
energy rays, electron beams , X-rays and ultraviolet rays having 
a wavelength of 2000 through 7000 angstroms emitted from a 
high-pressure mercury lamp, low pressure mercury lamp, xenon 
lamp, metal halide lamp, bactericidal lamp and laser. A 
sufficient time for exposure to the activated energy rays will 



11 


be normally 0.1 through 10 seconds, although it varies 
according to the intensity. More time is preferably used in 
the case of a coating film having a relatively great thickness. 
0 . 1 minute through several minutes subsequent to exposure to 
the activated energy ray, almost all the photocurable resin 
compositions are cured by photo-cation polymerization and 
photo-radical polymerization, and are subjected tacky drying. 
When exposed to the activated energy ray, the photocurable 
resin composition is heated to 30 through 100 °C, depending 
on the type and blending ratio of the cation polymerizable 
compound (B) to be used. This will effectively promote 
polymerization reaction and improve the curing speed. The 
cured product obtained by exposure to the activated energy ray 
can be further heated treated to 50 through 250 °C in order 
to complete curing by polymerization. If heat treatment is 
carried out at 100 °C or more with consideration given to the 
heat resistance of the substrate for coating the photocurable 
resin composition and the cured product to be obtained, it is 
preferred that heat treatment should be completed in the 
shortest possible time. 

[0028] 

The photocurable resin composition of the present 
invention can be used as paint, coating medium, ink, resist, 
liquid-like resist, adhesive, molding material , putty, glass 
fiber impregnant, filler, and casting agent for optical molding 
For example, a substrate that can be used as a coating agent 
is exemplified by metal, lumber, rubber, plastic, glass and 
ceramic products. 

[0029] 

[EMBODIMENT] 

The following describes the further details of the 
present invention with reference to the embodiments without 
the present invention being restricted thereto. 

[0030] Example of synthesizing the photo-cation 

polymerization initiator (A) 

Embodiment 1 : 
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In the first place, 6 0.0 g of methane sulfonic acid was 
put in a 100 ml separable flask. Then 7.2 g of trif luoromethyl 
benzene and 1 . 1 g of 4 , 4 ' -dimethyldiphenylsulf oxide were added 
with stirring. It was stirred at 20 °C under this condition, 
and 9.2 g of acetic anhydride was dropped into this mixture, 
with attention given to heat generation. After all the amount 
of acetic anhydride had been dropped, it was stirred for about 
ten minutes under this condition and the temperature was left 
to rise. Then at a temperature of 50 through 60 °C, it was 
stirred five hours. After the reaction solution was cooled 
to 20 through 25, it was put into 350 ml of water placed in 
a beaker 11 while being stirred. Further, 25% aqueous solution 
of sodium hydroxide was added until the pH value of the solution 
was changed into the range from 5 through 7 . Subsequent to 
neutralization, the water used to dilute reaction solution was 
cooled by ice in a dark site and was left to stand for one hour. 
After the supernatant was removed by decantation, 500 ml of 
water was added, and the remnants were dissolved by intensive 
stirring. After the solution was changed into a transparent 
solution of uniformly light brown color, 9.8 g of potassium 
phosphate hexafluoride having been crushed in advance was added 
It was stirred for one hour under that condition. Then the 
segregated white crystal was filtered out. The crystal having 
been obtained was washed using water 11. The crystal was 
recrystalized using ethanol and was refined. After it was 
air-dried for 24 hours, it was vacuum-dried at 40 °C to get 
17.4 g of (3-trif luoromethylphenyl) di (4-toluyl) sulfonium 
phosphate hexafluoride as a target substance was obtained. 
The (3-trif luoromethylphenyl) di (4-toluyl) sulfonium 

phosphate hexafluoride having been obtained was the powder of 
white through opaque white color and had a melting point of 
118 through 121 °C. Table 1 shows the results of element 
analysis of the product having been obtained. 

[0031] Table 1 

Element Measurement (wt%) Theoretical value (wt%) 
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C 50.12 50.0 

H 3.58 3.60 

S 6.35 6.36 

[0032] 

[Embodiment 2] 

In the same manner as in Embodiment 2, instead of 9.8 
g of potassium phosphate hexafluoride, 14.5 g of potassium 
antimonate hexafluoride was used to gets the 

(3-trif luoromethylphenyl) di (4-toluyl) sulfonium antimonate 
hexafluoride as a target substance was obtained. The 

(3-trif luoromethylphenyl) di (4-toluyl) sulfonium antimonate 
hexafluoride having been obtained was a powdery substance of 
white through opaque white color and had a melting point of 
110 through 113 °C. Table 2 shows the results of element 

analysis of the product having been obtained. 

[0033] Table 2 

Element Measurement (wt%) Theoretical value (wt%) 

C 42.43 42.38 

H 3.05 3.05 

S 5.41 5.39 

[0034] Embodiment of resin composition 

Embodiments 3 and 4 : Resin compositions were blended 
according to the composition of mix proportion (numerals are 
represented in parts by weight) shown in Fig. 3, and were 
dissolved. The composition of mix proportion was prepared as 
follows: 2 parts by weight of photo-cation polymerization 

initiators having been synthesized in the first and second 
embodiments each were dissolved in 2 parts of weight of 
y-butylolactone . A cation polymerizable compound was mixed 
therewith and was heated and dissolved. The curing film of 
the composition of mixed proportion was obtained by the 
following procedure: The composition of mixed proportion 

having been prepared according to Table 3 was coated to a 
thickness of 5 fi on the aluminum test panel . Then it was exposed 
to ultraviolet rays from a distance of 8 cm, using by a high 
pressure mercury lamp (80 W/cm) , whereby the curing film was 
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produced. The curing film produced in this manner was tested 
to check tacky drying property, transparency, storage 
stability and glossiness of the cured coating film under the 
following conditions: Table 3 also shows the result of the test. 
[0035] 

Tacky drying property: The amount of ultraviolet rays 
used until no scratch was produced when touched by a finger 
or gauze was represented in mJ/cm 2 . 

[0036] Transparency: The mix was placed in a transparent 

container such as a test tube and was visually inspected, 
o ... Not turbid without sediment 
[0037] Storage stability 

The resin composition was stored at a temperature of 40 °C 
for three months and was checked for stability, 
o ... Without any change in viscosity or crystallized 
substance 

[0038] Glossiness: Ultraviolet rays were applied until tacky 
drying was performed. Then the surface of the cured coating 
film was checked by visual observation. 

[0039] 

Table 3 

Embodiment 


3 4 

Product obtained from Embodiment 1 2 

Product obtained from Embodiment 2 2 

y-butylolactone 2 

Seroxide 2021 *1 80 80 

EHPE-3150 *2 20 20 

Tacky drying property 65 25 

Transparency o o 

Storage stability o o 

Glossiness o o 

[0040] Note) 

*1: Aliphatic ring epoxy resin by Daicel Chemical Industries, 
Ltd. 


*2: Aliphatic ring epoxy resin by Daicel Chemical Industries, 
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Ltd. 

[0041] Embodiments 5 and 6, and Comparative Example 1 

The resin compositions are mixed according to the 
composition of mix proportion (numerals are represented in 
parts by weight) shown in Table 4, and were blended and 
dissolved. The composition of mix proportion shown in Table 
4 was prepared as follows: three parts by weight of the 

photo- cation polymerization initiator was dissolved in 3 parts 
by weight of y-butylolactone in advance and was blended with 
cation polymerizable compound. Then it was heated and 
dissolved. The curing film of the aforementioned composition 
of mix proportion prepared in the aforementioned procedure was 
coated on the PET film formed by cutting the composition of 
mix proportion prepared according to Table 4 to the size of 
70 x 60 mm, using a bar coater, and was cured by exposure to 
the ultraviolet rays with a dose of 100 mJ/cm 2 from a distance 
of 8 cm, using a high pressure mercury lamp (8 0W/cm) . After 
curing, the PET film with curing film was put into a 100 ml 
glass-made vial whose airtightness had been carefully verified 
so that the film surface should not overlap wherever possible, 
and was sealed. Then it was heated at a temperature of 100 °C 
in an electric furnace. It was then cooled, and 1 ml of gas 
was sampled from the vial to determine benzene using a gas 
chromatograph. When determining the benzene, benzene of a 
predetermined concentration was analyzed by the gas 
chromatograph to check the concentration of the benzene 
according to the analytical calibration curve. After that, 
the amount of the benzene detected was represented in terms 
of mg per square meter of the curing film. Table 4 also shows 
the result of the test. 

[0042] Table 4 


Embodiments 


5 


6 


Comparative 

example 

1 
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Product obtained from 
Embodiment 1 
Product obtained from 
Embodiment 2 
Triallyl sulfonium 
compound *3 

3 

3 

3 

y-butylolactone 

3 

3 

3 

UVR-6110 *4 

50 

50 

50 

UVR-6128 *5 

50 

50 

50 

Weight of curing film (mg) 
Amount of initiator 

65 . 2 

68 . 9 

63 . 2 

contained (mg) 

1 . 85 

1 . 95 

1 . 79 

Coated area (cm 2 ) 

42 

42 

42 

Amount of benzene 

Not 

Not 

0 . 6 

detected (mg/m 2 ) 

detected 



[0043] Note) 

*3 . (4 -phenyl thiophenyl) diphenyllsulf oniumphosphate 

hexaf luor ide 

*4. Aliphatic ring type epoxy resin by Union Carbide Inc. 
*5. Aliphatic ring type epoxy resin by Union Carbide Inc. 
[0044] 

In the same manner as in Embodiment 12, 2 0.5 g of 

(4 -phenyl thiophenyl) diphenyllsulf onium phosphate 

hexafluoride used as triallyl sulfonium in the comparative 
example of Table 4 (yield rate: 80.4%) was obtained by using 
9.2 g of diphenylsulf ide instead of 7.2 g of 

trif luoromethylbenzene , and 10.0 g of diphenyl sulfoxide 
instead of 7.2 g of trif luoromethylbenzene . The 

(4 -phenyl thiophenyl ) diphenyllsulf onium phosphate 

hexafluoride used as triallyl sulfonium having been obtained 
in this manner was a powdery substance of white through opaque 
white color, and had a melting point of 116 through 118 °C. 
Table 5 shows the results of element analysis of the product 
having been obtained . 

[0045] Table 5 

Element Measurement (wt%) Theoretical value (wt%) 
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c 

55 . 86 

55 

H 

3 . 78 

3 . 

S 

12.38 

12 


. 79 

72 

.42 
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7777^ (4 ~-Y 7 7°n fcVby 3 :— 7b) £7 (4~p7b 
-Y 7b-) ^7i^5F= r 7A. TNy-y-f^yy^ (4-4'yy°nt <> 
7by^=7l^) y (4-h7W4'7b) 7^7W^— ^A, |7y 

(4 — -Y yy°n tVby 7U) y (4— F7b-Y 
7b-) ^. 7 b-/f;^yA, F y 7/u^-ay y yyyu^y^ (4 
-Y7T , cfcVb7i-;b) y (4— h7b-4'7b) y/Uft — 
a, (^y^y/bjpDyx^b) 

(4-Yyynt>7i=;b) y ( 4 — p 7b4' 7U) 77.7b- 

47=y7A, TsyyfkJyf^vl (4-n-y^7uy3i 

— /u) y ( 4 - P7^7b-) 77/w^— ^ a, y^7v ftyy 

(4 - n —77-)V7 3L=. 7W) y (4-P7W-Y7W) ^7b- 
47—^7 A x Egy ybkXs (4 - n -/f/b7 7b-) 
y (4-P7U-Y7U) y.7b-47=>yA N P!)77b4n7<yv 
^.7U47y^ (4 — n — 77)^7 ai— 7U) y (4— p7i^-Y 
7 b-) ^.7W47— 47 a n p — p7U^>-y7b'47 (4 — n — 

y -; f-7i^y 3i— 7b-) y ( 4 — p/uy/ix) ^./b'/F— y7A x 7 

P7^fy Hv77/b4‘D7i=/b) 471 ^ 7 ^ (4 — n — 

77)^7 31— yP) y ( 4 — P7P-Y7U) y.7b-7j7 — rj7 A^ 7 n 
7 7^7 7^71 (4 - n -^4f y7b-y 31— 7b) y 
( 4 — P/b-y 7 b-) y. 7 b 47 — y 7 A, 7:7 -ylt*) (4 — 
n — y 7 by 31— 7 b-) y (4— P 7 b 4 ' 7 b) ^ 7 b- 7 j 7 — $ 

A, Eg 7 y Yb47 (4 — n — ^4rv-7by 3i=7b) y 
( 4 — P 7 l' 4 ' 7 b) ^ 7 b 47 — >>A, p y y 7 b 4 *n y y ^77 
7 b 7 p:y^ (4 — n — '^ 7 'SJVy 31=. 7 b) y (4— p 7 b-Y 
7 b) 7b7b47— xpy^-y H777;b4D7i = 

7b) 7 ) 747 ^ (4 — n —^A i y7by 3113 / 1 ^) y ( 4 — P/b 
-Y 7 b) 77 . 7 b 47 — y 7 A, 47^^77^71 (4 — n — 
4*y 7)^7 3 i=- 7 b) y ( 4 — p7b-Y7b) y7b471=.y7A % 

Tn y y-fii y (4 — n— Jr 77 1 ^ 7 7b) y (4 — 
p 7by /b) 777b/)7 — ^ A N P y y 7b^- d y ^ V y.7b47 y 
(4 - n -4-y 7>V7^—>\s) y (4-p7b-(7b) y 
7b 47 — ^ A ^ Acy y\k7 777'yW. (4— (2— ^^7b 
^dfv-7b) y 31 — 7b) y (4 — p7b^(7b) y.7b7p;— ^7 
a, TNy'T'ftyygf (4- { 2 -^ 7 y x. 

d 7 b) y ( 4 — p 7 b-Y 7 b) y 7 b/j 7 — 7 a, pyy/by-n 

yyyy7b47v®? ( 4 - (2-^77^7 7/^) y 31 — 

7b) y (4 — P 7b-Y 7b) y7b^=iiyA, y\k7's7 
^71 (4 — n — y $ y 7by 31337b) y ( 4 — p7b^( 
Zb) y7b4733^A, Ay^ftDbi (4-n-7 r >y7b 

yit= 7 b) y ( 4 -p 7 b^ 7 b) y 7 b 47 =i?A, pyy 7 b 
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( 6 ) 

9 10 

7 7 77.yPi*;7i£ (4 — n — 7 7 y 2U7 xi^yP) V s (4 — hyp^fyp) 7.yP/f;xi A N 7 s 7 y ft;7 7^^ 7g£ 

(4-f7P^/P) yyP*-?A, 7c7 (4~ (2-1 7 :xxx,p) 7 ( 4 - h yP 

( 4 -n- 7 . 7 "T !7 7 W 7 ^— yP) 7 ( 4 - h yU't' yV) 7. -fyP) 7.yP* — 7s7 yffc y 7®? (4- (2-^h 

,P*xli>A n AC7yffcy7fiS (4-n-^z7y^7x 3f7xxfvP) 7i=/l') V s U-hyP'fyP) 7yP/ftxTy 

— yP) V s ( 4 — h j\"( yP) -XyP/ft — fj 7 A % h y 7 yP 7 f'n A, a 7 yftTVf^y® ( 4 — ->7 7 7 x: — yP) 7 

7 7 77.yP*7g( ( 4 -n- 777 !)/U 7 x=yU) 7 ( 4 — K yP4" yP) TWP/fcxx^A, 7^7yf|;y7®5 (4- 

( 4 — tyP-fyP) .XyP/jtxx 7 A, 7a 7 yfb7 7^ ; t7lg -/7;7x=yU) 7 ( 4 — h yTY yU) 7 n 

(3-h!J7/^n7f^7x^U) V s (4-h/W-l' 7 7^77^7® h !7 ( 4 -xn^yP7 xi— yP) 7.yP* 

yl/) 7.yP4t;=. 7A S 7^7 s/ft; y 7®? (3— h y 7yP7-n -i?A, 7^7 yft V 7@£ h V (4 — xi^yP7xixiyP) 7 . 

7 f/W7x- yW) V s ( 4 — h yP-f A') y/Ufty. 7A, E 10 yPTjtxx^A, Ta 7 yffcT 7f-^e 76£ (4 — n— 7‘7vP7 
7yffc:*;7B£ (3— h y 7yP;7n7 5vP7x:— yP) 7 x= iyP) 7 ( 4 — xe.^vP7 x. =- yP) TyP^xx^A, 7 n7 

(4- h/u-fyu) T.yP*-7A, flight®? (3-ty7 yfLy7®? (4 - n - 7 ' 9 vP 7 :xxx,p) 7 (4 -xi^yp 

)Viru }=f-jvy 3 l=-jv) 7 (4-tyP4"yP) ;*yP/}txx7 7xx;P) y.yp*xx 7A, A7 7ft77f ; eyiy (4 

A, t y 7yP7f~n 7 7 77;H (3— t !J 7;i/to — xc^vP7^xx/p) 4 — n — 7777 vP7xi— / pyyp;7 - 

7 5vP7x:xiyP) -7 ( 4 — tyP^fyP) .XyP/fcxi^A. 7 7A, T^7yft;y7B£7 (4 -xf ;l/7x=7l/) 4 — n 

7y7/^yi (3 - h y 7;i/^B7f;i/7x=;7) 7 — ‘f-suy x=-/i'y;U7fr=.<? a v ta7 -yikT'yJ-^'y 

( 4 — hyp^fyp) 7 /U/h—^A, p — K yy,;vfc 7 g£7 (4 — xf;l/7xx yP) 4 -n- 77 y^ 7 x=;i/ 

6£ (3 - h y 7yP;7a 7 f/i/7xx/v) 7 (4— tyP-< y.yp^— 7A, 7^7 y ft; y 7g£7 ( 4 -zx5vP7xi — 

yu) 7yy^-r>A, r h7^r7 (^777yl/tn7xx yP) 4 — n — 7 *7 y yl/7 x. nyPTyP/ftn 7 A x 7s7yft; 

yu) *7®g (3-hy7;L'4-o7^7xxyv) 7 (4 20 779^7^7 (4 -ifyU7xx yP) 4-n-7f7 

- hyP-TyP) T.yP7;x7A, r t7+7 (4— 7yP;7n y yP 7 xxxypy./p; 7 :x 7 A, 7c7 y ft: y 7g£7 (4— x- 

7x=yi/) 4^7S£ (3— t y 7yP7-n7 7vP7xxxyp) fvP7xx yp) 4 - n — 7r7 y yP7 a: xyp) y/v-T^x 

7 ( 4 — h ylTf yP) 7yW/^— 7A, ^77^77^7 7A, 7s 7 7^777^- 7g£7 (4 — xfyU7xx yP) 

6 £ ( 3 — /<77 7 yP; 7 nx. 5 vP 7 xxyP) 7 (4— hyp 3 — h ]) 7 yPT~n 7 7vP7 x x /py./p; 7 x 7 A, 7c7y 

-fyy) 7yl//}'— ^7 A, 7^7 syfky 7g£ (3-^777y7 ft; y 76£7 (4 -xfyU7xX ylx) 3-HI7/74-P7 

7i*n^5 : -yl/7xi^yy) 7 (4 — h y » "( ^) 7yU/f:— ^ ^yl/7 xi =.yU7y7^= A7 y fkT 7^^E- 7^7 

A, ES7 y ft;4^ *JW. (3-/<77 7yU4-Dxfyl,7xx ( 4 -^^y77 = =yU) 3 — ^<77 7yl/7Tnx:5 : -yl^7x; 

ylz) 7 (4— hyW'l'yy) 7yl//7:x:7A, hy7yWTf-n7 nyl/7yl//t:— 7 A, 7^7yft:y7gg7 ( 4 — 7^yP7 x. 

777yUyt:7^ (3-/<77 7yV4'Dxf-yl/7ix;U) —yU) 3 — ^<77 7yy7f"n ^=f-/vy ^ =yP 7 yU 4 ^^x 7 

7 ( 4 - h ylM' yy) T.yl/Tfi^^A, r hy^r^ (/<77 30 A, 7^7 yftT7^^E-7^7 (4 -xf;U7xX yu) 4 

7yl/tn7xX/l/) 4^7®C ( 3 — ^<77 7yy^-D3i^ : -yy - (2—7 h d r7^^yW) 7 = — yl/^yl/^xi 7 A x 7^7 

71^) 7 (4 - hyl'-fyl/) 7.yl/4^^7A, 7 1-7^ yft;y7ge7 (4 -xfy)/7xx yy) 4- ( 2 - 7 h 4r 

7 (4—7 yl/7" n 7 xi — yu) 4^7®f ( 3 -^77 7yl/7- 7x.^yW) 7xxy^;U*=')A 1 7s7 y f^T 7^7 

n^i^yl^7xi— yu-) 7 ( 4 — h ywf yl/) 7yP/f:— 7A V gg?7 (4 — ^9 1 yU7xixiyl/) 4 — 777 7x= yl/T.yl/7f: 

7^7 yft:T7^ ; e7^ (4-77D^^7;l/7x=yU) =-7 A, TN7yft;y7g(7 ( 4 -xi^-yU7 i —yU) 4- 

7 ( 4 — h y7-r y7) -Xyl/Jf;— 7 A x 7^7yfky7®E (4 77 77x xiyl/T.yU-Tt;— 7 A, ^y y ftT 7^-^E- 7®(7 

-77 n^dr7yl/7xi— yp) 7 ( 4 — h yl/-f )V) y/V-fc (4 — 4" 77°n t°yu-7x:— yw) 4 — hyl/4'yl/7.yl//f:— 7 

a7 yfli77^- ; e7gt (4 -77 t3^df7yU7 A, /N7yfl:y7^7 (4 -4 77 °n t*yU 7 xixi/p) 4 

y7l/7ixiyl/) 7 (4 - hyP-fyl-) 7yU/f:^7A, A7 - hywfyU 7 .yutf;— 7 a. 7c 7 y fbT 7?-^ 7®E (3- 

yft;y7B£ (4 — 77 n^Jf- 7yU7 ^yW 7 xi— yw) 7 40 h y 7 yi/^"n 7 ^yv -7 xi— yv-) 7 ( 4 — 4 7 7 °n t”yi /7 

(4 - T-yW^xx^A, 7 : C7yft;7 7^^e7gE xxxx/y) y/^xiJA, TN7yfky7®? (3— hy7yl/ 

(4 — /<77/l/7xx yp) 7 ( 4 — h t\"( yl/) ^yl/^— ^-n f^yl/7 x; —yl/) 7 ( 4 — -f 7 7°n t°yW7 s. — yl^) 

7A. T^7yft;y7ge (4 —<77yl/7xi=xyp) 7 (4 T.yP/*;xi7A, 7C7 y ftT 7^^7gt h l) (4-n-T' 

- hyW-fyU) T.yU^xir^A, A7yft7 7f ; t7i (4 ^-yl/ 7 ^xx/u) y/U^;-i>A s 7^7 y ft; U 7g( h >J (4 

- (2 - t Kndr 7 xx^yw) 7 xixxyu) 7 {A~V)l"{ - n - 77 yL -7 xi ^yb) 7 .yb*xx 7 A s 7 c 7 yft;T 75 : - 

yi/) T.yU-^xx7A, 7 a 7 y ft y 7B£ (4- (2-tKn ^7|S7 (4 - n yp) 3-ty7yU^n 

^7x1971/) 7 = =yu) 7 (4-l'yH'yW') 7yP^:xx^ 7 f;U7xx yi-y.yP^:xx ^ a n TN7yft;y7®(7 (4- 

2a 7 y fbT 79 L - ; t' 7®( (4- (2 -7 t' 4 r 7 xx^- n -T'^yU7 = =yU) 3 - h !) y/U^fa 7 =?->\,y ^xiyU 

yu) 7 xixx/p) 7 { 4 - V/\"< fr) 7yl//*;— 7 A, Tn 7 S^yP^^^A, 7^7 yft:77f L ^-7®t h y (4— ter 

y ft; y 7^ (4- (2-7 Kdf 7 xi^yP) 7 xx/l/) 7 so t - 7'^ L yl/7 1 — yP) 7yP*:=y7A, 7^7yft;y7®(h 
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V (4 — t e r t -=->v) x/7* — $ A, * 

y yitr (4 - t e r t -yf-^xm- 

/7) 4 — b y X/7*n 7 /7X./7*33 £ A, * 

7 -ybb i> 7|g7 (4 — t e r t — /7) 3 — 

A\Xx-fbT 

7 *^tV ®?7 (4 3 -h'Jy 

/7*D 7 */7Xrn33/UX./7*m. £ A, *X yfty 7i-7 
(4 — n — •'^■4r7/7Xm3i/7) 3- H)7/^n7f/P 
7 T^X s/{tT7*^7g£ ( 3 — b 

]) X/7*o 7 f;l/7i-yl/) 7 ( 4 — n — *7 f;U7i 
30 / 7 ) x./7*in7A, Tc 7 Why 7®? ( 3 - h U 7;ut 
o 7 */7X m33 /7) v 5 (4-n-t7f^7i-/l') 7* 
/U*33i>A, ^7 7^77^7® (4 — if;|/7xi 
/7) v 5 (4-n-7’>!)^7i-;l/) x./7*3ii)7A, 7c 
7'yjt;!l7g (4 — ic*/7Xm n/7) 7 (4 — n — x7 
!)^7i=yV) 7W7*3ir>A, *x xffcT 7*^7®f7 
(4 - n -7 >7 y ^7x= /7) 3 - b y X/7*o7*/7 
7 7\7 7 ftj y ^7§^7 (4 — n— 7 

711/7731-/7) 3 - b U X/7*o7 ?77Xm33/UX./7 
*— £7A, 7 n 7 y \\y7 7*-^- 7i£ ( 4 — 33-JvUX m 33 
/7) '7 (4 - n -7 t7 U /U7i=/7) x./f*33i>A, 
/sXx-(by7g§ (4 -i7/77i= /7) 7 (4 — n— 7. 
77 ]) /77 3i — /7) 7/7* — £A, TCXx-fbTX^X 
S£7 (4 - n -777 U/7731— /7) 3-M)7/7*n 
7 */77 31-/77/7*— 7-^>x A7'/ft!)y^ (4 — 
n — 7x7 y /77 m m/7) 3-H)7/7tn7f/77i 
3i/7X./7*3ir7 A, 7^7/11:777^7^ (4— 3n^-/7 
7m— /7) 7 (4 — b y 7/7*n 7 */7Xm33 /7) 7/7 
*=-7-k> A 7 -/ it y 7®? (4 — mf-/77m— /7) 7 
(4 — h y 7/7*0 7 ^/77m—/7) 7/7*n 7A ( 7 n 
7-WtT7*^7^ ( 3 — h y 7 /7* O 7 */7 7 m — 
/7) 7 (4 — h y 7/7*0 7 7/77 m— /7) 7/7* m 7 
A, AX-Why 70 £ ( 3 -h!) 7 /l'tD 7 f/l' 7 i = 
/ 7 ) 7 (4 — N y 7 / 7*0 7 7/77 m— /U) 7 / 7 *m>> 
A, b y 7 / 7*0 7 7 77 / 7 * 7 g£ ( 3 ~H) 7 / 7 *o 
7 * / 7 7 m m/ 7 ) 7 (4 - h y 7 / 7*0 7 */ 77 rn — 

/7) X./7*33i)7A, T h 7^7 ('<77 X/7* D X m 33 

/7) ftyM (3 — b y 7/7*0 7 5777 m n/7) 7 (4 
— b y 7/7*0 7 */77m 31/7) 7/7*31 7i>,, a 7/ 
(4-if;P7i^/7) 7 (4-^7^ 
7/7*orn.*/P7m — /7) 7/7*3K>A, 7s7-y-ft:yV 
It (4 -if/U7i= /7) 7 (4-^77 7;7*nif- 
/7 7 m — /7) 7/7 *h 7A, *X WliT 7*"t7gf7 
(4 -/<y^ 7/7*0 m*/77m— /7) 3 - h y 7/7* 

D7*/77rn3i/77/7*m>>A, *7 7 it V 7|£7 (4 
-^7^ 7/7*0 m*/77m—/7) 3— by 7/7*0 7 
*/77m— /W7/7*=. 7 A, h y 7/7*0 7 7 77/7* 
7g?7 (4 — ^<77 7/7*0 m*/77m— /7) 3 — b V 
7/7*n 7 */77 m n/77/7*— 7 A, X b X 7? 

77 7/7*0 7mm-/7) *7ltv : (4— -<77X/7*D 


mfv77m3i/7) 3 - b V 7/7* n 7 */77 m n/77/7 

* = 7A«|Sr^jf5r tz)ST*#5. 

[0018] i;h,ib*3§fic0ft***7*-^te&J 
(A) (D'pXftSLl'bwmt LXtt. Tex 

-yft:T7*^7ge (3- h y 7/7*n7*/77mrni/7) 
7 (4-|'/74'/7) 7/7*31 7 A, *Xxfby7g£ (3 

— b y 7/7*n7 */77m— /7) 7 (4— b/7'f/7) 7 
ZU*^7A, *X s/'ftlT7* j e7|£7 (4 — n-7'*/7 
7m— /7) 3 — h y 7/7*0 7 */77 m 31/77/7*13. 7 

10 A, *X sz-fb y 7|£7 ( 4 — n — 7*/77 m 31/7) 3 — 

h y 7/7*D7*/77m3i/77/7*3i7A, *X x{bT 
my|7 (4-ter t-^7i=;7) 3 - b 
y 7/7*o7*/77m— /77/7*m7A, *X.y{by7 
87 (4-ter t — 7‘*/77m— /p) 3 - b ]} 7/7* 
o7*/77m— /77/7*n7A, TsX xfbT 7*^E- 7^ 
(3— b y 7/7*0 7 */77m 3i/7) 7 (4- by 7/7 
*0 7 */77mH/7) 7/7*n ■> A, 7\ X 'Wb y 7|t 
( 3 — b y 7/7*0 7 */77 mH/7) 7 (4- by 7/7 
*D 7 */77mm/7) 7/7*ny7 
20 # 

[ 0019 ] Ric, 

xmW-t6o *3BW03tflMt:ttWIIB<afifc48»4, 

3t*^*7*^-MiMB (A) is±t*;&^*7a-&ttffr&- 
89 (B) ?r-&Wi-5o ***7S-a-]±{b^ (B) tL 
Tfi, (a) , t"- 

( b ) , 7'77 D*/7 733 7 X^-fbo-^l 

(c) , 7 t°o*/77 * — **— hlk'n-% (d) , *3r 
(e) 

-5„ rjxbttWat L<tt2a«±Sr#fflLTfflV'Tt 
so (a) ~ (e) <D$*X\ ^(C (a) CO x. 

#^7*Sr«r-t- 5^891: (e) co*^*7v^Sr^* 

[0 0 2 0 ] fflV'p 5oi*4r7SS:Wi-Sfb^ (a) 
Ol-WJiLT* 3, 4 — oi*dr777 o^-*7/77 
*/7— 3, 4 — oi*df777 o^df-y-7^;/7*'df 7 7- 
b. t"7 — (3, 4 -33*dr777 n^df-7/7) 7-7^ 

— b . 2— (3, 4 — oi*Jf 777 o^dr'7/7— 5 , 5 

— 7fo- 3, 4— 3T.*df-7) 77 o-^dr*7 7 — 7 7 

— 7*^*7, t"7 — (2, 3 —33**777 o-^7* 

40 /7) 33 — x/7, y ^y7*^ft4 K> 4 — t" 33 / 7 7 7 

n^4rty7*^ft4' K, 7a3/77y ->7/7I-f 
/7, t"7 7 m / -/UAIxjK^ 7W, t"7Xm7— /7 
F*Soi*4r7}9lJ!^ *it'7 73 7-;7Aix4)4f->l 

flg, f7 7 m 7 -/7ASoi*=jf -ym%m<o t’7 X 

31 7 — /7^33*df 7$1 JIbx 7 m 7 — /7 • 7 *X X 7 ®oi 
zft4r7$ffla, 7 7-7— /7 • 7 *X -7 7®oi*4r7MBa % 
I:ift7m/-/U- / 4?7 7^i^7W^(Dy# 

7 7 7®oi**7»t)j|, #<ffiT/ 7 33 -/ 7 <£>*y 7'y 77 
/733 — x/7^^S^|f 7>tb-S 0 

50 [0 0 2 1 ] t'33/Hb-g-^l (b) coS^Ji: L 
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Tli, ;*Tpp, i^y> p-7 

; n — /P 

x— yvK ^ y/f ;Hf=;n— f ;K P7 n^dj—pyp 
fc'x A-x— X/P* t KD^V’7 , f;Hf=/l/X-T/'V§CO 
TA'dryPfc'x /i-x — -rvM® ; T y ;Hf= ;Px- 7VK 1 

— 7 t Kot7f;nf=. A-x— yvP^eoTA'Tx yw 

t"=yn-f^l ; 1 -7 7 - 

A'— 2 TA'^GDTA-drxyPfc-x 

A'X— yvMSi ; 7i=;H:'-;i'X-f^ > p — 7 F df p 
X^x /Mfx /Px— ; tvP^( 7>T y — A'fc'x /H- xA' 10 

SI ; TX pP; 3"— A-Ptfxyi px— xyp, F yxfi/y^ 
y x— /Ui/t'x/Ux- TAp P 7 n^df-y- pp:#- — /py 
fc"x A'X— r;^ro7^dr;Ui/ tfxypx — xA'jgi ; 1, 

4 — ^Pif PP7 y y — A'P fc'xypx— xyP, m— Xx 
-l/y fc"X (xf-py/U 3-;U) pfc"xyPxi — xyP|£ 

<dt xA'dtxPPtfxypx— PA'S! ; .'W Ko^y y-yif 

xypx— xylp P/yP-yy — yPpfc'xyPx— TvP^<7>T 
y — A-Pt"xypx— TxHS^^if 
[0 0 2 2] fflV 1 o 5 PPX o ^-ypy xx.xA-(fc-a ^ 

(c) LTli, CTx.fi, l-7ix/P-4- 20 

xi yvP 2 , 6, 7 — F y ^-dp-y- t'PX o [ 2 , 2, 2] 
Ji'T'XP, l-xf/p-4-t KD^->yf/P-2, 

6, 7-Fy^ft'-77o [2, 2, 2] ^XXP^ 

$x t'n^-yp yy?— 5 ^'^— nt; 

-g-^ (d) Oft{£#!j<h LTli. 0iJ;Lk£, 1, 5, 7, 1 

1 — x F y^^rlF 7*. t°n [ 5 , 5) 7Px:#P' 3, 9 

-p^ppa-- 1 , 5 , 7 , 1 i-f F7^t7t*n 

[5, 5) 7 Px#P^l , 4, 6 - F y ^-dr-y-y. t° 

D [4, 4] /TP, 1, 4, 6 - F y Tdf-y-X. fc°n 
[4, 5) xTP^W (btu, ^-df-ir^vS^W-TS 30 

(fc-g-^ (e) iLTli, ^iJx.1 i, 3, 3 — Pp< TA'Tdr 
-feXP, 3, 3 — fc"X (ynoyfyU) TdrirXP, 2 

— t Kc dpp/ yvPTdf-fe X P, 3 — / TxP- 3 — Tdf 

-fexpxxx— a\ s-xta^-s-/ FdrP/TAxj- 
drirXP, 3 — xypP— 3 — Xm/ drp/ yvPX~df-feX 

V, P//yy/-^t"7 (3-XTA'-3-X-dr-f?Xx 
A'xypp) XI— xvP, m — drpy l/7lf7 (3— xypP 

— 3 — X~dr-trXxyP:xyvPx— -r/p) 5 C £: ^ 

T'#5 0 ft&CtLibli, L< li2a&Ui£i#fflL 

Tffll/'tt iV'o 40 

[ 0023 ] 

j5Jt#<D{£fflI<]-g-f;i, x^x-ym'&VkikG-Vo (B) 100 
MSBlc^LT, %io^^r'y^mbM (A) teil® 

0 . l^ioiiStfcSit^K^ 

<iii~5iftsrefo5„ 

[ 0024 ] *&W(oytmk&®mmma$, £ <bi c 

UTSE-g-TS r 1 1C j: orettxi^/pdiJ 

-^lc^-f?)^S5r(6]±$dirSC<t^T'#, <fcy®{t;jg 
x*m\,'o lti*, «*.«, txx *> 
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yym'Mfc, T'y hy-tymmft. 7xtvFi2y|li 
#, i-7?±ymm&, tv^ymmfc. ^vuymm 
&, '<'y?±ymm#; Txypp^igfr, ^pxtt 
y-si'mmft. ^yyy ymm&. x^x-ppmsi#, 

t7F *yym'm&s TyVy*;ymm&, Z-t-y^ 

yw m#. df-y-p Fpffig#, T-y-z-vy^ymm-w, 
TTdr-y-P F Plflgffc, X -v y Pj^lgfr, •yF7-7yy 

R*fr» -77xysi^ 77yyy», ryym 

8M*. TTPPK8S&, **ifPp«i#»* PPKyp 
MSI#, rxyymw#. b'J7'J^yyywm&, y 
y a yT — yWM-fc, yfnt'yylift. yi:°uy-^- 
ft7fnt °y'yWMfc, 

AtBMHftfmtrbti. ^co<pvi,^L^b<Dt Lnt 
1-y? yymmft, ry hy-tymmft. y^->-yby 
yytyii^ yy||#, 7 ? yy 

4E-^t,cD4>T*ti|#{Ci^m 

«kl ~4<7)T/l2dr/P®?rSmSt LTWLtfciV'g, 

1 0 -i?7A'=i*'>7y F7tyiff*:fe5l'li9, 1 
0 — v 5 (t^xi dr-pTA-xi dp-p) 7 v Fytyii^ 

[0 0 2 5] M3KSC1 ~4«7;i/^;H4IMiLT 

tLttiv'9, 1 o--y7^xaf->7yF7tyii 
frfc-51'149, 10-7 (T/U-=drPT/y=>drP) TP 
F ITI4, ^'Jx-li^ 9, 10 — 

77 Fdr-77y F7tP, 2 — xiy^/P— 9 , 10-77 
FdfP7P FTirP, 2 - t e r t -T'yvP- 9 , 10 
-77 Fdr77VF7ty, 2, 3 -7*^ ^-9, 1 
0-77 F4r77y F7ty, 9, l 0-7xhdf--y7 
y Fyty, 2 — x^yvp— 9 , 1 0 — 7x Fdf77y F 
7ty v 2-t e r t-7 T/W— 9 , 1 0 — 7x h df- p 

TPFT-feP, 2, 3-77f/i2-9, lo-pxihdf- 
77yh7ty, 9, 10-7 (n-7°ntf?drP) TP 
F7tP, 2— xc^-yp— 9, 1 0 — P (n-7 , nslfdf 

P) 7yF7ty, 9, 1 0 -P-f 7 7'n^7Ty F 
7-feP< 2-xiT7W-9, 1 O-Py' V7 B n^drPTP 
FpirP, 9, 1 0-P (2-7 Fdfpx^ hdr-p) TP 

F 7 ty, 2— xiypp— 9 , 1 0 — P (2 — 7 F + px 
F df-P) TP F T-fcP, 2 - t e r t —7^-/U- 9, 1 
0-P (2-y< Fdfpxi FdfP) TP FpirP, 2, 3 
-P7T7P-9, 1 0-P (2-7 FdrPxi FdrP) T 

P F7irP, 9, 10 — P ( n — P F dr p) TP F7t 
P. 2-xi^yP-9, 10 — P ( n — T' F df- p) TPF 
TirP, 9, 10 — P ( 2 — xi h df- px: h dp -p) t P F 
p-lrP, 2— x;T/y— 9, 1 0 — P ( 2 — x. |> df-pj. i- 

dr P) Ty F 7 ty, 9, 1 0-P^y7/v7*df-y7P 
F 7 ty, 2 — xy^yp— 9 , 1 0 — P^Pp/l^drPT 
yh7tP> 2 -ter t-77^-9, 10-7^y 
P/PyJ-df-pTP F TdrP, 2, 3 — P^ ^/P— 9, 10 
-P^y7/PtdfP7P F 7 -feP, 9, 10-7 (2- 
^yP/J^df-px FdrP) TPF7-feP, 2— xfyp- 9, 
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10-v 5 7yh7t>^ 

[ 0026 ] zb t 

mi '© S' x*$? <7? 7c * . 

Wttftk jm&ftk SMbKfJtai. 7fc3r£ 

*S, a«»k #ttKit3k 7 7/^^] 

©#assip»]sra-g-f a r £ asxs s* 

[0 0 2 7] ±12#^ 

^Sr0f^<73fi|^X*&-(cS^i-5 r £ 1C ioT#5 C £ 
^Xt, io 

Xw® {b$53 £X5 w £ tfX# 5 0 mititm&W<D%mik 
i±mmmf$.vozmi$o. o l-imm^isoff^cixc 

-H£LT1i, 

reX/WX— £^rX£<73X$>;}Xf±V'73>7 c £.5 t><73X>b iV' 

«*» »£L< (Suffix®? i&J ±/ XX 
7>7>7, **/U/n 7'1'>7>:7\ U—if— 

%frb*£Z>2 0 0 0 ~ 7 0 0 OX^X;* hn— ACDZ^S 

WXHH, X», ^^<73 

yt^^Sl'3r—!&&££tfbt b£>„ fS^t^X/l'X— i^<73H0JH- 20 

n^PflfX *©3ft£lcfcJ;.5fl*, iiSttiO. i~i o#© 
®X3t#Xfc5„ 

XtX -?:tL«±c73B#^?rd^tS<73^«FS LV\, 
A'^-ffim&t&O. 1 —&#&(£«, (i£A/£"cT37t®{b 
tt#Mliilifij*»»±3te# 7771^ J: Wt 9 v'77/i^S'q'Ic 
J: *3SI{t;LT]t«^-r5^\ IsSfflX-SXXX^a-gXfe 
\\L%m ('B> cDMa^it/ie^iticioTfi, 

>v^— mm&ifticytmik&fflWi&f&VdZ: 3 o~ i oot 

^ a^RjcsraawfcaiSL 

X, J:5«{bjSa«rlRj±S*5C£!6*Bra-ca!>5. £7c 30 

m&^*^*-i&*mttbxnbhtzmitvo*. a-g-ic 
£Z>mik&m.&£ J & : bn&}X\ £ <b(C5 0 — 2 5 OXlfc 
WMat5cifct-t5. up^sx^^. %mit 
i±mmmf&vo zmm-tz sw x*# btiz mimommvk 
^3r#i®u 1 0 o‘c^±<73is®x*pi 
it. lv\ 

[ 0028 ] 

&£lxi±, is, =— 7wxi?h i/-77 

K afcRU'S?* K &**H. JfcHWPK ^‘r, 7/7 **& 
*t-£«au sjtfcah ft mft&mmmmmmzmifzx « 
£fl*Xt. V^»J£ LXilfflX#5®* 

£LXt±&H. XtX zlu. ^ 77 .^ 7 7. #7 7. ± 

7'; 

[0 0 2 9] 

mmm) m&w<Dmmmict<o. ^iciy*^ 

ictftBj-r 5 „ 7c 7c b nmrnm ic pi® $ ti 

•5 't><73Xf±7,ei,\, 

[ 0030 ] (a) < 73 &f#.m 

MM&W ■ 10 0ml CHr/<777777^3C7^77 
A'*>m60. 6 g £AiX MWbttfrb h V X/uXn so 
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7#A"<7#y7 . 2gjoJ:L74, 4’ - 's 7 =f-/W7 
^=L,\,7iVfoi rv-Kll. 4 g SrJtJOX. X<73£3; 2 Ot 
X]f#L7c 0 r<73®^lcM7K^9. 2g%fgi!UC& 
j&Lfcs&sfcjSTLlfc. L 7c 0L 10 

dittos £«i*LXa»fe#M&U 5 0-6 0X1X5 
B$Pflfit#L7c 0 S^fSSr2 0-2 5XJT-W, 1 1 
<73 1"— *— (cA±b7cX3 5 0ml imWbtefrbm*.. 
£blc2 5%XgHfcX hy ^A7K^fK5r^®<73pH/i55 
~7(c7c5^X7)DX7c 0 KlS®£<frSRl-7cX£- 

^HtyfrlcX^LX 1 l$ra«c«U ±m^^7#77— 
•>syeB*lt*, A 5 0 0m 1 £JPXX®L<8£# 
LX^#^)^i$fi?L7c 0 *«i**&-7j;a»feOiSW«» 
I zfroXfrb. hbfrC#>®fabXi5\,'tz#7 yit'J 7 
®?#yi7A9. 8 g XJPx., 1 B#Pb1 m.Wbtz 

m. WtBL7cefe<73^ B B B?r^&JL7c 0 t#<bti-7c^ B B B^7K 
llXgfei^U $ blC&M>&^?S — /U^fflV'XS^al 
bXW«LX2 4«fWattLfc*» 4 OtT-X^Kil 
XgPtl£-r57^7s/'ft:!J (3- h y 77U^-n^^/w 
731 ^ 171 ^) i> ( 4 - h A"f /U) 7. 4 g 

( 1 RJP 6 9. 9 %) ^ y #7c 0 #<bti7c7^7s/ft;y ym 

( 3 - Ml 7/^n > f-;V7i=iw) v 5 ( 4 — h/i^f 
/u) i7A(iefe— flSfefDfft^Xfcy , SfcAli 

118 — 12 l°CXfoo7c 0 '&bfttz&!$.!%)<D5i.mtt$r 
(ote&zm 1 ic^Xo 

[ 0031 ] mi 


izM 

(**%) 

f+#fi (**%) 

c 

5 0. 12 

5 0. 0 0 

H 

3. 5 8 

3. 6 0 

S 

6 . 3 5 

6. 3 6 

[oo32] mmm 2 : ^is^j 1 1 ra ***sx, 77 


yikl) 7m# V ^9. 8 g<73{Xt?y ICXXs/'fbTV'X 
X-VgfX y >7 A 1 4. 5 g^fflV'^^£(C<ty, @ 6 <)£ 
XS/^Xs/fbTVXXV'gf (3- by 7 ivaru 7^->V7 
31 — /!-) i7 (4 — b/U'fyU) >7 A 1 7 . 9 g 

0&s£6 1. 1%) Sr #7c„ t#^tL7c/ , ii7 y-ftlT VXX 
>"S? (3 - h y 77P^-a /U) v : (4-b7W 

4 jv) ^7UX-i7A(iefe— fL6fe<73*&3feXfot) , it,* 
(±110-11 3XXfoo7c 0 
tff<73*S^rX^ 2 (C^Xo 
[0 0 3 3] ^2 


7E^ 

SISJfit 

(Jti%) 

f+Uffi 

(**%) 

c 

4 2. 

4 3 

4 2. 

3 8 

H 

3. 

0 5 

3. 

0 5 

S 

5. 

4 1 

5. 

3 9 


[0 0 3 4] mflimi*^<73||jg0ij 
J|JS0>J3, 4 : « 3 (C^XiE-^iSfiJc (RlttlftAXS) 
5) ic^oXtttdiM^SrSe-a-L, ^^®L7Co Tefc 
S 3 (Cth L 7ciE^lJ5)c^l(± . S> *» C S3HJg0iJ 1 ±5±X 
2 X^ L7c7tX XX 7m&Mim(D 2 
Jl7-7fD77 1y2li«iL 1 ^tucxxx 
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r t (C <fc *9 mst 

LfcE^Mfilcilr7;V5f^ h/^;i/±lc5 
^f[TLfc<£>*>, (80 W/ c m) t8cm® 

S§ Mfrb%ftmZWM\^xmtz 0 ccDJ: p»cLT#ibtb 

fc^diflglcoV'T, igf^a, 

3 {c0H£T7ni-„ 

[0 0 3 5] bhX^tz t 

tic, 3cffilC§^07)>&< 

J /c m 2 T'3?7pL7t„ * 


kjs^j i xmz&f&vo 
mmm 2 xm^fc®) 

y — /^n y ? 

-fe n =*rD/ K 2 0 2 1 * 1 

EHPE-3 150 *2 

ttttKAfett 

3tw 

[0 04 0] a) 

* i : 

* 2 : y^-fe/wk^x*th«i, 

[0 0 4 1 ] mi&W 5,6, ittfctfij 1 
3? 4 ic^i-fifi-g-afiSc (iSc(jt(4*ft®T'fc?>) litotffi 

*fc*4 ICS* LfcE 

»ar^*t-Ptty-^n9^ h v 3 U C 
Mcx^*ym&i±fc'frVo&8£&Lxi)Qmmm-rzx t 
icj; 0li^Lfc o C*Lfefi^iia^*<D«!{kB!f4» 314 ic 
t£o TfJf® LfcgElls 7 0 mm X 6 0 mm(C^7 -y 
MfcPET7^/VA(;A-3-^-T'iliL, 


3?IS#J 1 

3?SS#J 2 T IfcMi 

h U T 1) £7 

y — ~ 7 =f - n 7 ^ 

U V R — 6 110 * 4 

U V R — 6 12 8 * 5 

SKtHf^Ufi (mg) 

(mg) 

(cm 2 ) 

y<D$klijfk (mg/m 2 ) 

[0 0 4 3] a) 

* 3 :t sXy{t‘Jy& (4-7i-;lft7xi/U) 


4= 3 


v' 
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* [0 0 3 6] MW®. ■ R E^*l«rWBtf«*0>8W**»lc 
AtiTS^T-^J^LTio 
O- • •»0^itlft4M*4V'. 

[0 0 3 7] {£7?gc5£t4 : 0tr-3y| 

IB«#U $£M«Lfc„ 

o- • • 

[0 0 3 8] ■ J9tttt»-r5*-C*#|.il»SrRH«tLfc 

t, mtm.n^^^xn'&xtzo 

O • • • 3tW!i*A»T?as>5. 

10 [0 0 3 9] 


3c 3 


3 

2 


4 


2 

2 2 
8 0 8 0 

2 0 2 0 

6 5 2 5 

O O 

O O 

O O 

(8 0W/cm) X8 

ilOOmJ/cm 2 t'®,ltLT{HbL7c„ mm, & 

(bK^o^fc p e t 7 -y si'j>&-i-ftizm,m&&mm etc 

1 0 0m 1 (D;#7*®EM TVUM/lC&S-^ BIB *5* 
5(cAti, &ML tm, 1 1 o°Cfl;^J 3 
■fT'JP^LfCo ft£P&, //7/HJ!^ro^&lml 
so gggxL, ^ bt- h ^ 7 7T*^V(f Lfc„ & 

vif ycofeM lc fcfc o T (Afo •& — ^lco 
ifyJr^^^nv h^77T'5)$fL, 

^>*^©J*Hi*«:IR{b*|l m 2 £> 
tz <0 COm g T'^tR L7c 0 4 icflMfCTnl". 

[0 0 4 2] 

4 

HiS0iJ JttSCT 


5 6 1 

3 

3 

3 

3 3 3 

50 50 50 

50 50 50 

65.2 68.9 63.2 

1.85 1.95 1.79 

4 2 4 2 4 2 

tfcttHt-f IfttH-Br-T 0. 6 

7 ^—>V7,>Vit,=- £A 


* 4 : 


1—y<'f 


KttSL 




50 
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* 5 : KttSSk 5E3tl Hffi'JfiS (Sft%) (Sft%) 

[0 0 4 4] 4 liCiSll 1 X’ h V 7 V As* C 5 5. 8 6 5 5. 7 9 

LtftfflUfcA7yfty Vg? (4 - H 3. 7 8 3. 7 2 

?-Mi x H S 12. 38 12. 42 

SS0iJ 1 £ h !J :77l';*-ci7<?vW<>'-tf>- [0 0 4 6] 

7. 2g«ftb!)l:v’7i=;^7^ K9. 2g$:ffl Ml T !) /ux/is*—? 

l\ 4, 4’ -v ? y<5 1 /Wv : 7ai=yU^yU^^'> K 1 1 . *^*^*£tt*sK©3teS-g-«rf T 7 ^ 

4 g<D^*ji?lCix7 3 i-/W^/u^dr'>Kl 0. OgSrffl LT&ffl-f 5 r t Sfc. 

ttc<t‘ 9 x nmt-tz>*y'yit'j>m (4-7* *iswe»bns 

=;Uf^-7i=/U) ■^7i=/l'7W=')A2 0. 5 g 10 
(iR^8 0. 4%) SrWfc. »bix7c^7-y{ty -*HSrRHit-r5wi:[cJ:9 3t8Mti--5wiiSflrtt-cas> 

(4-7x=^ft7i=/H 5. Sfc, *»W<0#MBiiariMto*»e>3feflH4+L-C#?>ii,5 

{±6fe~fLfifero*&*T'fcy , Mj^«i 1 6 ~ 1 1 8V, SHfcffllfi, $ blctomtom&MLTb&ilkyonft#?-* 

r-fcoTto #e>nfc^«07c*»w©ift*S:*5ics% 
i“o rtas&V'o 

[0 0 4 5] ^5 


7 n ^ h-<— 


F & —J* (#%) 4H006 AB40 AB49 

4J005 MO 7 BB01 BB02 

4J011 QA08 QA09 QA19 QA20 QA34 

SA62 SA63 SA64 SA72 SA74 

SA78 SA83 SA84 SA85 SA87 

UA01 UA02 UA08 VA01 WA01 

WA02 WA06 WA07 

4J036 AD08 AD09 AF06 AJ01 AJ09 

AJ10 AJ16 GAO 3 GA23 HA01 

HA02 HA03 JA01 JA06 JA07 

JA09 JA1 1 




